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(57) ABSTRACT

It 1s an object of the mvention to provide a robot system
including a graphics language capable of comprehensively
and easily controlling operation of each robot in a robot
system constituted by a plurality of pieces of robots.

A robot system of the invention in order to achieve the above-
described object 1s constituted by a plurality of pieces of
robots, a robot control apparatus 10 for controlling based on
a robot program, and a robot instruction apparatus 11 con-
nected to the robot control apparatus 10 for displaying the
robot program, the robot control apparatus 10 includes a unit
registration portion 1 for arbitrarily combining one piece or
more of robots to define one unit, a task registration portion 2
for allocating a task to each unit, and a graphics language
processing portion 3 capable of forming the robot program
for each task as a graphic program 1in the robot system for
simultaneously controlling one piece or more of robots.

6 Claims, 7 Drawing Sheets
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ROBOT CONTROL APPARATUS AND ROBOT
SYSTEM

TECHNICAL FIELD

The present invention relates to a robot control apparatus
and a robot system thereof for controlling a plurality of
robots.

BACKGROUND ART

As a program of a background art of a robot control appa-
ratus for controlling a plurality of robots, there 1s a sequence
program shown 1n FIG. 7. In a first sequence program shown
in FIG. 7, a vertical column thereot 1s described with steps
from step 1 through steps 2,3 .. ., ahornizontal column thereof
1s described with R1 item, R2 item and R3 item for respec-
tively controlling robots RB1, RB2, and RB3. The same rows
are the same steps and processed 1n parallel. A processing at
cach step 1s started after finishing to process one step before
the each step.

Each R item comprises F column, operation column, part
column, tool column, location column. F column displays
presence/absence ol a process continued from a preceding
step, and when F column 1s described with an arrow mark, as
in, for example, F column of step 2 of R3 1tem, it shows that
a process of step 1 one step before thereof 1s continued to
process also at step 2 (refer to Patent Reference 1).

Further, an explanation will be given of an apparatus of a
background art for displaying a plurality of robot operation
programs in reference to FI1G. 8 through FI1G. 10. In FIG. 8, a
display region of a display screen of an operation program/
state display portion 1s divided into a master task display
region 71, a sub 1 task display region 72, a sub 2 task display
region 73, a state display region 74, and a plurality of opera-
tion programs operated synchronizingly 1n accordance with a
flowchart of FIG. 9 are displayed while cooperatively oper-
ating the operation programs as shown by FIG. 10. FIG. 10
shows the flowchart of FIG. 9 on a left side, shows a state
display screen by respective operation programs of robots of
FIG. 8 on aright side, and shows a behavior of controlling the
display of FIG. 8 by the flowchart of FIG. 9 (refer to Patent
Reference 2).

In FIG. 9 step 110 1s a read operation where an input from
the display/select 1s provided. At step 120 a determination 1s
made as to which 1s the current task. If the current task 1s a
master task, at step 130 a master task command execution
process 1s executed. If the current task 1s a sub 1 task, at step
140 a sub 1 task command execution process 1s executed.
Likewise, 1n the current task 1s a sub 2 task, at step 170 a sub
2 task command execution process 1s executed. In steps and
180, a determination 1s made if the tasks are 1n a cooperative
execution mode. If the answer 1s positive then 1n steps 180 and
190, sub t task and sub 1 task command execution process 1s
executed, respectively.

Patent Reference 1: JP-A-6-67709 (page 3, right row, line 46

through page 4, left row, line 17, FIG. 2)

Patent Reference 2: JP-A-11-48178 (page 3, right row, line 33

through page 4, left row, line 3, FIG. 2, FIG. 3, FIG. 6)

DISCLOSURE OF THE INVENTION

Problems That the Invention 1s to Solve

The mvention described 1n Patent Reference 1 1s effective
in that when parallel processings are executed for respective
robots, programs can be formed for the respective robots.
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However, an operator cannot comprehensively determine
whether processings are executed in parallel by a certain
operation umt, or processings are carried out synchroniz-
ingly.

For example, in an operation of executing welding for a
work, the operation 1s constituted by a plurality of operation
steps of a step of setting a work to a jig, a step of executing
welding, a step of reversing the work, a step of executing
welding, a step of carrying the work to a next step and the like.
The mvention described 1n Patent Reference 1 poses a
problem that the operator can determine by only viewing
programs with regard to that 1in relation to the operation steps,
which operation step 1s being executed currently, or under
what condition, the execution transits from the operation step
to a next step or the like.

On the other hand, according to the invention described 1n
Patent Reference 2, the operation program of the robot 1s
displayed on the display screen as 1t 1s to pose a problem that
meaning of a display content 1s difficult to understand other
than a skilled operator.

The mvention 1s for resolving the problems provided to the
background arts, and 1t 1s an object thereot to provide a robot
system capable of simply determining which operation step 1s
executed currently 1n relation to operation steps, or under
what condition execution transits from the operation step to a
next step, further, capable of understanding meaming of a
display content even by other than a skilled person.

Means for Solving the Problems

In order to achieve the above-described object, according
to claim 1, there 1s provided a robot control apparatus for
controlling one piece or more of a plurality of pieces of robots
simultaneously based on a robot program, including;

a unit registration portion for arbitrarily combining one
piece or more of the plurality of sets of robots to define as a
unit,

a task registration portion for allocating a task for each of
the unit, and

a graphics language processing portion for forming the
robot program as a graphical program for each of the task.

According to claim 2, there 1s provided the robot control
apparatus according to claim 1, wherein

the graphics language processing portion displays a
sequence number time-sequentially executed at each row of
display member of an instruction apparatus, and displays the
robot program executed at the task to each column.

According to claim 3, there 1s provided the robot control
apparatus according to claim 2, wherein

the graphics language processing portion makes execution
transit to a next step after finishing to execute a current step.

According to claim 4, there 1s provided the robot control
apparatus according to claim 2 or 3, wherein

the graphics language processing portion makes the execu-
tion transmit to a predetermined step based on an external
input signal to the robot control apparatus atfter finishing to
execute the current step.

According to claim 5, there 1s provided a robot system
including;

a plurality of pieces of robots,

a robot control apparatus according to any one of claims 1
to 4 for simultaneously controlling one piece or more of the
plurality of pieces of robots based on a robot program, and

a robot mstruction apparatus connected to the robot control
apparatus and including a display member and an edit mem-
ber of the robot program.
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EFFECTS OF THE INVENTION

By the above-described constitution, the robot system of
the mvention achieves a significant effect of capable of easily
forming an operation sequence ol a plurality of robots with-
out being accustomed to a special language, further, in
executing operation of the robot, by graphically displaying
the execution state, an operator can comprehensively deter-
mine a current operational situation.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a robot system constitution diagram of the mven-
tion.

FIG. 2 1s a diagram showing an example of a unit registra-
tion screen shown in FIG. 1.

FIG. 3 1s a diagram showing an example of a task registra-
tion screen shown in FIG. 1.

FIG. 4 1s a diagram showing an example of a screen of
forming a graphics program shown in FIG. 1.

FIG. 5 1s a diagram showing an example of the graphic
program formed on the screen shown 1n FIG. 4.

FI1G. 6 1s a diagram showing a robot program 1n correspon-
dence with the example of the graphic program shown in FIG.
5.

FIG. 7 1s a diagram showing a sequence program of a
background art.

FIG. 8 1s a diagram of dividing a region of a display screen
of a background art.

FIG. 9 1s a flowchart for explaining a process of the back-
ground art.

FIG. 10 1s a diagram showing a behavior of controlling a
display of the background art.

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS

R1, R2, R3, R4 .. . robots

1. .. unit registration portion

2 . .. task registration portion

3 . .. graphics language processing portion

4 . .. program converting portion

5 ... program executing portion

6 . . . servo control portion

10 . . . robot control apparatus

11 . . . mstruction apparatus

40 . . . program region

41 . . . solitware button signifying step

42 . .. soltware button signifying transition

43 . . . solftware button signifying conditioned jump
44 . . . software button signifying nonconditional jump
71 . . . master task display region

72 . .. sub 1 task display region

73 . .. sub 2 task display region

74 . . . control state display region

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

An embodiment of the invention will be explained in ref-
erence to FIG. 1 through FIG. 6 as follows.

Embodiment 1

FIG. 1 1s a constitution diagram of a robot system of the
invention.
In FIG. 1, notations R1, R2, R3, R4 designate robots

including electric servomotors at articulated portions. Here,
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4

the robot also includes one generally referred to as a posi-
tioner. That 1s, the robot indicates one including an articulated
portion drive portion. In the following embodiment, an expla-
nation will be given by assuming a case of using 6 axes
articulated robot.

A robot control apparatus 10 controls the robots R1, R2,
R3, R4. Although according to the embodiment, an explana-
tion will be given of an example of 4 pieces thereot, 2 pieces
or more will do. Further, although with regard also to the
robot control apparatus, an explanation will be given of an
example of 1 piece thereof according to the embodiment,
there may be constructed a constitution of controlling respec-
tive robots by a plurality of robot control apparatus.

The robot control apparatus 10 1s connected with an
instruction apparatus 11. The instruction apparatus 11
includes various keys, a display screen 12. The display screen
12 1s displayed with a graphical software button, mentioned
later, based on a key operation of an operator. The software
button displays an 1item which can currently be selected by the
operator, a screen or a message 1n correspondence with the
button 1s newly displayed by selecting the button by the
operator.

The operator can operate a desired robot of the robots R1
through R4 and register a position thereof by operating keys
of the mstruction apparatus 11. Further, motion and operation
of the robot can be programmed by selecting or inputting an
istruction displayed on the display screen 12.

The robot program formed by operating the instruction
apparatus 11 1s stored to a storing portion at inside of the robot
control apparatus 10. The robot program 1s started to execute
by the instruction apparatus 11 or other external signal. The
robot program 1s executed by a program executing portion 3
at 1mside of the robot control apparatus 10, and outputs an
instruction for servomotors of respective articulated portions
of the robots to a servo control portion 6. The respective
robots are controlled based on the robot program 1n the above-
described procedure.

A unit registration portion 1 registers a combination of a
plurality of the robots as a unait.

Registration 1s carried out by displaying a table shown 1n
FIG. 2 to the display screen 12 by operating the keys of the
instruction apparatus 11 and then further operating the keys of
the mnstruction apparatus 11 by the operator.

In an example of FIG. 2, unit 1 (U1) 1s registered with the
robot R1, a unit 2 (U2) 1s registered with the robot R2, a umit
3 (U3) 1s registered with the robot R1 and the robot R2,
respectively. Although 1 FIG. 2, a registration number of
units 1s made to be up to 99, the registration number may be
made variable 1 accordance with a number of pieces of the
robots connected to the robot control apparatus 10 or opera-
tion content.

Successively, a task registration portion 2 will be explained
in reference to FIG. 3.

The task registration portion 2 registers a relationship
between the unit registered by the unit registration portion 1

and a task. The tasks are operation units executed indepen-
dently from each other at 1nside of the robot control apparatus
10.

In an example of FIG. 3, there are the tasks from T0 to T8,
and units of executing operations can be set to the respective
tasks. The operator executes the settings by operating the keys
of the 1nstruction apparatus 11. A plurality of the units (U2+
U3) can also be allocated to the single task as in the task T2.
However, the task T0 1s a special task for governing other
tasks, and therefore, the units are not allocated thereto.
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Next, a graphics language processing portion 3 will be
explained.

The graphics language processing portion 3 displays a
screen shown 1n FIG. 4 on the display screen 12 by operating,
the keys of the mstruction apparatus 11.

In FIG. 4, notations T0, T1, T2 aligned 1n a row direction
designate the above-described tasks, 0 through 5 aligned 1n a
column direction designate sequence numbers. The sequence
number 1s a number allocated for each mstruction of a mini-
mum unit constituting the robot program.

The operator can form a graphical program by arranging a
software button or a condition at a program region 40 by
operating the keys of the instruction apparatus 11 and soft-
ware buttons 41 through 44 on the display screen 12.

Here, the software buttons 41 through 44 will be explained.

The software button 41 signifies a step. The step summa-
rizes a series of operation executed by a unit and 1s 1dentified
by combination of ‘ST’ and a numeral. The operator succes-
stvely 1mputs the numeral allocated to the step by operating
the keys of the mstruction apparatus 11 1n selecting the soft-
ware button 41. Further, step 0 (ST000) 1s executed at the task
T0.

The software button 42 1s used by combining with the
software button 43 or 44 1n designating transition of execut-
ing the program.

The software button 43 1s a conditioned jump function for
making execution of the program transit to a designated step
when a designated condition 1s established.

On the other hand, the software button 44 1s an uncondi-
tional jump function for making execution transit to an
unconditionally designated step.

Designation of the condition 1s executed by operating the
keys of the instruction apparatus 11 by the operator in select-
ing the soitware buttons 43, 44.

As shown by FIG. 4, the software button 1s described not
only with a letter but also with a mark 1n line with meaning
thereot, thereby, even other than a skilled operator can easily
understand meaning and tlow of the program.

FIG. 5 1s an example of a formed graphics program.

An explanation will be given by taking an example of
sequence No. 2 of FIG. 5. The sequence No. 2 1s conditioned
mump, ‘IN10 ST001” described therebelow signifies to make
the execution transit to step 1 (ST001) when an external signal
1s inputted to mput signal No. 10 at inside of the robot control
apparatus 10.

As 1n a row of sequence No. 3, at ST001, P100 1s executed
by the task T1, P200 1s executed by the task T2. Notations
P100, P200 respectively designate a robot program 100, a
robot program 200. The robot programs are elements consti-
tuting the step, described with the instruction of operating the
robot and stored to the storing portion.

Further, also sequence Nos. 3, 4 signily to make execution
transit to step 2 (ST002), step 3 (81T003) when an external
signal 1s 1inputted.

A program converting portion 4 converts the graphic pro-
gram shown by FIG. 5 formed by the operator into the robot
program. Conversion from the graphic program to the robot
program can be executed by the operation of the instruction
apparatus 11.

FIG. 6 shows an example when portions of sequence Nos.
0 through 4 of the graphic program shown in FIG. § are
converted into the robot program. As described above, the
converted robot program 1s stored to the storing portion.

Atsequence Nos. 0 through 4, only the task T0 1s described,
as described above, the task T0 1s the task for governing other
tasks, and therefore, an instruction of operating the robot 1s

not included 1n FIG. 6.
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Successively, an explanation will be given of execution
(play back) of the robot program formed as described above.
When the operator selects a desired one from the robot
programs stored to the storing portion by operating the keys
of the instruction apparatus 11, the program converting por-
tion 4 converts the robot program into the graphic program

conversely to preceding step to display on the display screen
12.

Further, the operator can play back the selected robot pro-
gram by operating the keys of the instruction apparatus 11.
Specifically, the program execution portion 5 at inside of the
robot control apparatus 10 interprets the robot program as
shown by FIG. 6 and outputs an instruction to the servo
control portion 6, and the respective robots execute operation.

In the example of FIG. S, when jumped to step 1 (ST001),
at the task T1, the robot program 100 (P100) 1s executed, at
the task T2, the robot program 200 (P200) 1s executed, when
the unit combined with the robots R1 and R2 is allocated to
the task T1, a umit combined with the robots R3 and R4 1s
allocated to the task T2, in the robot program 100 (P100)
cooperative operation of 2 pieces of the robots R1, R2 1s
executed, 1 the robot program 200 (P200), cooperative
operation of 2 pieces of the robots R3, R4 1s executed. At this
occasion, the two robot programs are executed in parallel.

Further, in play back time, such that the operator 1s easy to
optically recognize the display, when the display screen 12 1s
a monochromatic display, only a portion of being executed at
inside of the program region 40 1s invertedly displayed, when
the display screen 12 corresponds to multicolor display, only
a portion of being executed at inside of the program region 40
1s changed 1n color thereof, thereby, a currently executing
portion 1n the program 1s displayed.

As described above, according to the robot system of the
invention, there 1s achieved a significant effect of capable of
casily forming operation sequences of a plurality of robots
without being accustomed to a special language, further, by
graphically displaying the execution state 1n executing the
operation of the robot, the operator can comprehensively
determine a current operation situation, and therefore, the
robot system ol the invention 1s widely applicable so far as the
robot system 1s a robot system for controlling a plurality of
pieces of robots.

Although the mvention 1s explained 1n details and 1n refer-
ence to specific embodiments, 1t 1s apparent for the skilled
person that the invention can variously be changed or modi-
fied without deviating from the spirit and the range of the
ivention.

The application 1s based on Japanese Patent Application,
Japanese Patent Application No. 2004-319169 filed on Nov.
2, 2004, and a content thereof 1s incorporated herein by ret-
erence.

The mvention claimed 1s:

1. A robot control apparatus for controlling one or more of
a plurality of pieces of robots simultaneously based on a robot
program, comprising:

a unit registration portion where multiple units are regis-
tered by an operator, with each of said units being a
combination of one or more of the plurality of pieces of
robots,

a task registration portion where multiple tasks are regis-
tered by the operator, with each of said tasks being
assigned to each of the units, and

a graphics language processing portion for forming the
robot program as a graphical program for each of the
tasks,
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wherein:

the graphical program 1s displayed as a two-dimensional
matrix on a display member of a robot instruction appa-
ratus connected to the robot control apparatus,

sequence numbers and the multiple tasks are displayed on
the matrix 1n a perpendicular direction to each other,
a robot 1n the unit assigned to one of the tasks operates in
accordance with a program assigned to the one task,
the program assigned to the one task 1s displayed in the
matrix at the mtersection of one of the sequence num-
bers and the one task,

the operator performs registration by operating the robot
instruction apparatus, and

the program assigned to the one task 1s selected from a
plurality of programs assignable to the one task, each of
the plurality of programs including a distinct set of
istructions corresponding to distinct combinations of
the plurality of pieces of robots.

2. The robot control apparatus according to claim 1,

wherein

the graphics language processing portion displays the
sequence numbers at each row of the display member of
the robot instruction apparatus, and displays the robot
program executed at each of the tasks 1n a column.
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3. The robot control apparatus according to claim 2,

wherein

the graphics language processing portion makes execution
transit to a next step after finishing to execute a current
step.

4. The robot control apparatus according to claim 2,

wherein

the graphics language processing portion makes the execu-
tion transit to a predetermined step based on an external
input signal to the robot control apparatus after finishing
to execute the current step.

5. A robot system comprising:

a plurality of pieces of robots,

a robot control apparatus according to claim 1 for simulta-
neously controlling one or more of the plurality of pieces
of robots based on a robot program, and

the robot instruction apparatus connected to the robot con-
trol apparatus and 1including the display member and an
edit member of the robot program.

6. The robot control apparatus according to claim 1,

wherein the multiple units are registered on the display mem-
ber of the robot mnstruction apparatus.
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